Introduction {#Sec1}
============

Congenital anorectal malformations (ARM) are rare disorders, occurring in approximately 1 in 5,000 to 1 in 1,500 live births worldwide \[[@CR1]\]. These disorders usually require surgical interventions in the neonatal period and postoperative follow-up and treatment to obtain and maintain fecal and urinary continence. Sequelae of ARM continue into adulthood and may include fecal incontinence and sexual dysfunction. All these issues cause major concerns for parents and children at school age and in later life, and pose a large social problem connected with acceptance of the population suffering from these problems. Clinical outcomes of ARM, such as functional stooling problems, are found to be directly associated with poor quality of life in ARM patients \[[@CR2], [@CR3]\]. These outcomes often deteriorate with age, which emphasizes the need for long-term follow-up and psychosocial treatment \[[@CR2], [@CR3]\]. As experience concerning ARM is scattered in many different hospitals in most European countries \[[@CR4]\], regional differences in clinical outcome and quality of life have been reported. Moreover, case comparison is difficult, as a detailed diagnosis according to Krickenbeck \[[@CR5]\] is often not stated in discharge letters.

Despite the great physical and social burden on ARM patients and their parents, the etiology is largely unknown. In rare cases, ARM can be explained by chromosomal abnormalities or is part of a well-known syndrome. Townes--Brocks syndrome, comprising ear, limb, anal, renal, and heart anomalies, is caused by mutations in the *SALL1* gene \[[@CR6], [@CR7]\], whereas mutations in the homeobox gene *HLXB9* lead to Currarino syndrome, a combination of sacral agenesis, presacral mass, and ARM \[[@CR8]--[@CR10]\]. However, clinical manifestations of syndromic forms of ARM may vary and genetics and underlying mechanisms remain elusive. The majority of ARM cases are not part of a syndrome and their etiology is assumed to be multifactorial with a causal interplay of genetic and environmental factors. Evidence for genetic factors involved in the anorectal development is mainly derived from syndromic ARM and animal studies rather than from studies on nonsyndromic ARM. In addition to genetic factors, an essential role is expected for environmental factors as ARM rarely aggregates in families \[[@CR11]\]. Some researchers studied environmental hazards and found associations between ARM and maternal alcohol intake \[[@CR12]\], tobacco smoke, and caffeine \[[@CR13]\], the benzodiazepine lorazepam \[[@CR14]\], paternal exposure to occupational hazards \[[@CR15], [@CR16]\], and folic acid supplementation \[[@CR17]\]. In addition to these factors, increased risks were found after in vitro fertilization \[[@CR18]--[@CR20]\]. However, strong evidence is still scarce as most potential risk factors were found in only one study and the majority of the studies had low power.

To summarize, large scale studies on genetic and environmental risk factors with human ARM cases have not yet been performed, but could provide substantial clues on the pathogenesis of ARM. ARM would benefit from prevention, accurate diagnosis, and outlined clinical treatment. Clinical research on regional differences in clinical outcome and quality of life may contribute to improvements in patient care. Recently, the International Consortium on Anorectal Malformations, consisting of the Dutch AGORA project (Aetiologic research into Genetic, Occupational and environmental Risk factors for Anomalies in children), the German CURE-Net (German Network for Congenital Uro-REctal Malformations), the Italian MUGAR-Net (Network for Uro-Genito-Ano-Rectal malformations in Italy), and the French MAREP (National Center for AnoRectal Malformations and rare Pelvic Anomalies), has been established for etiologic and clinical research. Our multidisciplinary consortium of geneticists, epidemiologists, and clinician-scientists strongly believes that a fundamental prerequisite for progress in the field of rare developmental disorders, such as ARM, will be to strengthen the ties between clinical and basic research activities. In this report, our mission and specific research goals regarding the pathobiology of ARM will be addressed. In addition, the first results on environmental risk factors from the Dutch and German ARM cohort will be presented.

Methods {#Sec2}
=======

Consortium on Anorectal Malformations {#Sec3}
-------------------------------------

Researchers from the participating countries initiated the establishment of an International Consortium on Anorectal Malformations. Our common goal is to collaborate and exchange knowledge on a research topic that is still in its infancy. We aim to perform high quality etiologic research on ARM and to standardize diagnostic classifications and clinical outcomes of ARM patients throughout Europe. The consortium will create a registry of ARM patients, which will serve as a base for all research on ARM. This registry is essential for etiologic research, which needs adequately registered diagnoses of ARM patients, as different phenotypes of ARM may originate from different pathogenic processes.

At the current stage of research, more and more emphasis is placed on large numbers of patients and development of biobanks for both rare and frequently occurring disorders. Therefore, the participants in this consortium consider it of utmost importance to collect a critical mass of clinical data and biomaterials from children affected by ARM and their parents in a collaborative effort. The international collaboration will create case series of patients with data and biomaterials that would be hard to achieve on a national scale in any country. We aim to recruit at least 1,000 ARM cases within the countries participating in the consortium. Blood or saliva samples are collected from case--parent triads for genetic analyses. Questionnaires inquiring about circumstances 3 months before and during pregnancy will be used to obtain environmental risk factor data from the parents. Potential environmental risk factors are those that are capable of affecting the formation of oocytes and spermatozoa and/or may influence the development of the embryo. A special database for questionnaire and clinical data will be set up that can be used for data entry in all participating countries. Professional data management will facilitate ongoing clinical collaborative projects ensuring data quality and compatibility. The following paragraphs describe the existing projects of patient and data collection in the currently participating countries of the consortium.

AGORA, The Netherlands {#Sec4}
----------------------

The AGORA project (Aetiologic research on Genetic, Occupational and environmental Risk factors for Anomalies in children) was started at the Radboud University Nijmegen Medical Centre (RUNMC), Nijmegen, The Netherlands in 2005. Several disciplines collaborate in AGORA, namely genetic, epidemiologic, and pediatric departments, with the common aim to study the role of genetic and environmental risk factors in the etiology of a variety of congenital malformations, including ARM. Blood or saliva samples and environmental data are routinely collected from case--parent triads during diagnostic or surgical procedures. The ideal control group, which consists of a random sample of the Dutch population in the relevant age group, will also be recruited to perform research on all congenital malformation patient groups within AGORA.

CURE-Net, Germany {#Sec5}
-----------------

The German Network for Congenital Uro-REctal Malformations (CURE-Net) represents the first systematic approach in Germany to investigate the molecular causes of congenital uro-rectal malformations, employing an integrated network structure that involves basic research disciplines, and to establish the first prospective multicenter study into the clinical implications and psychosocial outcome of these disorders. CURE-Net was founded in 2008 with federal funding by the German Federal Ministry of Education and Research (BMBF) starting in 2009. To ensure efficient recruitment of patients and their families, central recruitment has been established with all participating families being assessed in person by one of four physicians specialized in clinical genetics and/or pediatric surgery. DNA samples of each participating individual are stored in a central DNA biomaterial bank. The phenotypic information is documented in a nationwide register.

MUGAR-Net, Italy {#Sec6}
----------------

The MUGAR-Net project (Network for Uro-Genito-Ano-Rectal malformations in Italy) is an ongoing project that does not exist in Italy at the moment, which aims to set up an Italian registry for urogenital and anorectal malformations. The registry will allow us to perform epidemiological studies, make health-care workers aware of the problem, collect blood and saliva samples from affected patients in a biobank, and finally establish cooperation with other international centers.

MAREP, France {#Sec7}
-------------

The national center for AnoRectal Malformations and rare Pelvic anomalies (MAREP) was created in 2007 as part of the National French Program for Rare Disease (2005--2008). Its main objectives are to develop a French registry gathering anatomical and clinical data, to edit guidelines for the optimal management and follow-up of patients with ARM, and to diffuse information to patients, families, and medical actors to ensure equality for diagnostics, treatment, and care. Genetic diseases screening, research development and European collaborations form a large part of our missions as well. Data are collected and recorded online in a database called CEMARA (for CEntre MAladies RAres), which interacts with the Orphanet database. Blood samples are already collected in syndromic forms and collection will be extended to all enrolled patients. This center is also the national referent for Currarino syndrome molecular sequencing, and 90 index cases have been recorded. MAREP currently collects about 50--60 new ARM cases per year and is thus ready to participate in the consortium.

Research possibilities {#Sec8}
----------------------

The substantial amount of data that will be obtained within the consortium offers many possibilities for ARM research. Due to rapid developments in the genetic field, existing techniques in performing genetic research have also changed rapidly. SNP arrays and new promising gene sequencing techniques are appropriate in performing research regarding syndromic forms of ARM. Identification of genes mediating syndromic forms of ARM may also provide suggestions for the role of genetic factors in the etiology of more isolated forms of ARM. At the current stage, however, indications for specific candidate genes involved in the more isolated forms of ARM are nearly absent. Therefore, hypothesis-free research on nonsyndromic ARM seems to be most appropriate. We intend to perform a genome-wide association study (GWAS) in a large cohort of more isolated nonsyndromic ARM cases. In this hypothesis-generating approach, the whole genome will be scanned to identify potential SNPs involved in nonsyndromic ARM. To identify specific environmental risk factors, questionnaire data will be investigated. Since this will be a unique and relatively large cohort of ARM cases, identification of environmental risk factors seems likely. In a GWAS with 1,000 cases and controls and assuming 80% power, main genetic effects of ≥1.5 can be identified for genes with an allele frequency \>0.05. For environmental factors with an exposure prevalence of 0.1, main effects ≥1.5 can also be detected.

Dutch and German studies on environmental risk factors {#Sec9}
------------------------------------------------------

In our first Dutch case--control study among 85 nonsyndromic ARM cases and 650 controls, potential environmental risk factors for ARM were studied \[[@CR21]\]. ARM cases with chromosomal anomalies, known syndromes, cloaca, and cloacal extrophies were excluded. Parents of these cases and controls filled out questionnaires, concerning exposures just before and during pregnancy. Recently, we tried to replicate the findings of the Dutch case--control study in 79 nonsyndromic ARM cases from the German CURE-Net. Due to the close geographic proximity and the assumed analogy in ethnicity, controls were used from the Dutch case--control study. Dutch and German questionnaires were nearly similar with regard to the environmental risk factors studied, apart from time to pregnancy (TTP), which was only included in the Dutch questionnaire.

Results {#Sec10}
=======

Data collection within the International Consortium on Anorectal Malformations {#Sec11}
------------------------------------------------------------------------------

A relatively large amount of data has already been collected in Europe during the past few years. Currently, approximately 700 ARM cases have been recruited: 275 cases in the Netherlands, 172 in Germany, 140 in Italy, and 114 cases in France. Clinical data are available for all these cases. The members of the consortium are currently harmonizing their case reports to combine these data. As Italy and France had just started data collection, DNA samples and questionnaire data were mainly collected from ARM cases in the Netherlands and Germany (Table [1](#Tab1){ref-type="table"}). Some other potential (non-)European collaborators may also contribute data to increase the total number of ARM cases in the future.Table 1Collected data of ARM cases per countryNumber of collected data of ARM casesIntention to collect in total^\#^Clinical dataDNA samplesEnvironmental dataNetherlands (AGORA)275275220300Germany (CURE-Net)172131156300Italy (MUGAR-Net)1402010200France (MAREP)11450114\*200Total7014765001,000**\*** Partial questionnaire data, ^\#^Minimum

Results of Dutch case--control study {#Sec12}
------------------------------------

In our Dutch case--control study among 85 nonsyndromic ARM cases, we found associations between ARM and family history of ARM, time to pregnancy \>6 months, pre-pregnancy BMI ≥25 kg/m^2^, fever during first trimester of pregnancy, maternal job exposure to industrial cleaning agents and solvents, paternal smoking, and paternal job exposures to exhaust fumes \[[@CR21]\] (Table [2](#Tab2){ref-type="table"}).Table 2Summary of results of our Dutch case--control study on risk factors of ARM \[[@CR23]\]Potential risk factorsARM (*n* = 85)\
*n* (%)Controls (*n* = 650)\
*n* (%)OR~adjusted~ (95% CI)Family history of ARM first and second degree6 (7.2)1 (0.2)33.9 (2.9--398)Time to pregnancy \>6 months26 (32.9)135 (21.4)1.8 (1.1--3.0)Maternal risk factors BMI before pregnancy ≥25 kg/m^2^32 (38.1)160 (26.0)1.8 (1.1--2.8) Fever first trimester pregnancy (\>38°C)3 (3.7)4 (0.6)5.1 (0.9--28.1) Maternal job exposure to industrial cleaning agents and solvents5 (6.0)12 (1.9)2.9 (0.9--9.3)Paternal risk factors (3 months prior to conception) Paternal smoking of cigarettes41 (50.0)210 (35.7)1.8 (1.1--2.9) Paternal job exposure to exhaust fumes14 (17.3)59 (10.0)1.9 (1.0--3.6)Results derived from the article in Birth Defects Research (Part A) \[[@CR23]\]

Preliminary results of the German CURE-Net {#Sec13}
------------------------------------------

The Dutch results were reanalyzed with 79 ARM cases of the German CURE-Net study. These cases were classified according to Krickenbeck \[[@CR5]\]. The most frequently occurring diagnoses were perineal fistula (total 19.0%; 9.3% in boys and 30.5% in girls), vestibular fistula in girls (36.1%), and rectourethral fistula in boys (51.1%). The preliminary results showed associations between ARM and family history of ARM, fever during first trimester of pregnancy, and maternal job exposure to industrial cleaning agents and solvents (Table [3](#Tab3){ref-type="table"}). No associations were found between ARM and BMI before pregnancy of ≥25 kg/m^2^, paternal smoking, and paternal job exposure to exhaust fumes. These results were not adjusted for confounders.Table 3Replication of results on environmental risk factors for ARM using German ARM casesPotential risk factorsGerman ARM (*n* = 79)\
*n* (%)Dutch controls (*n* = 650)\
*n* (%)OR~crude~ (95% CI)Family history of ARM first and second degree6 (7.6)1 (0.2)49.0 (5.8--412.6)Maternal risk factors BMI before pregnancy ≥25 kg/m^2^20 (25.3)160 (26.0)1.0 (0.6--1.7) Fever first trimester pregnancy (\>38°C)5 (6.3)4 (0.6)10.6 (2.8--40.4) Maternal job exposure to industrial cleaning agents and solvents10 (12.7)12 (1.9)7.4 (3.1--17.7)Paternal risk factors (3 months prior to conception) Paternal smoking of cigarettes28 (35.4)210 (35.7)1.0 (0.6--1.6) Paternal job exposure to exhaust fumes4 (5.1)59 (10.0)0.5 (0.2--1.4)

Discussion {#Sec14}
==========

The replication of the Dutch results using the German CURE-Net data shows the added value of our International Consortium. Interestingly, associations between ARM and family history of ARM, fever during first trimester of pregnancy, and maternal job exposure to industrial cleaning agents and solvents could be replicated in the German cohort of ARM cases. Family history of ARM has consistently been identified as a risk factor for ARM \[[@CR22]\], which argues for the importance of genetic factors involved in ARM. Maternal fever during first trimester of pregnancy was indicated as a potential risk factor for ARM in the Dutch case--control study for the first time. As this association was replicated in the German cohort, it seems extremely worthwhile to further study this potential risk factor in detail. It may be essential to incorporate maternal fever, maternal infections, and antifebrile treatment in the consortium's questionnaire on environmental risk factors to explore the underlying mechanism of the association between ARM and fever. In previous studies and in the Dutch and German cohorts, some job exposures were found to be associated with ARM, such as organic solvents and metals \[[@CR15], [@CR16]\]. As it remains questionable whether the rather crude assessment of parental exposure to occupational agents reflects real exposure, we intend to analyze these occupational exposures in a more accurate way and in a larger cohort of ARM patients. Although the Dutch case--control study \[[@CR21]\] and previous studies \[[@CR23], [@CR24]\] found an association between ARM and BMI before pregnancy ≥25 kg/m^2^, it could not be confirmed in the German study. Associations between ARM and paternal smoking and paternal job exposure to exhaust fumes were not replicated in the German cohort either. These preliminary results have some limitations, which should also be considered. In the German analyses, the control group of the Dutch case--control study was used. Although we expect that the Dutch and German population correspond for the most part with regard to social standards and lifestyle factors, some geographical differences may exist. In the future, we intend to recruit controls in all participating countries to achieve true geographical similarity between cases and controls. In addition, the small sample sizes of the two case series made it difficult to provide reliable findings for less frequently occurring risk factors. However, these findings encourage us to reanalyze the current findings in a larger international study population, in which other interesting environmental risk factors may be found as well.

Conclusion {#Sec15}
==========

The recently established International Consortium on Anorectal Malformations, uniting researchers from the Netherlands, Germany, Italy, and France, will collect a large amount of data available for ARM research. The ensuing large cohort of ARM cases will provide possibilities to study and detect important genes and environmental risk factors involved in the etiology of syndromic and nonsyndromic forms of ARM, finally combining these to identify gene--environment interaction as well. Consequently, it is expected that the etiology of ARM will gradually be unraveled in the future, which will also provide a substantial amount of information on the pathogenesis of ARM. This knowledge may result in better genetic counseling, perinatal care, and ultimately primary prevention of ARM. While the current research focus is on finding causative factors, clinical issues will also become important. The consortium brings together pediatric surgeons to harmonize diagnostic classifications, interventions, and follow-up and to improve quality of life of ARM patients. In the future, other international pediatric surgery, and genetic or epidemiological research groups may be involved in the consortium.
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